The laser particle size analyzer was used to investigate the emulsification of emulsifier, which containing lignin emulsifier, polyether and non-ionic additive, in this paper. Some control experiments have been designed to demonstrate that the polyether and non-ionic additive contributed much more to emulsifiability of emulsifier. With polyether and non-ionic additive as auxiliaries, the modulus particle size and average particle size of emulsifier could reach to 1.65 µm and 1.97 µm. The mechanism indicated that polyether and non-ionic additive could decrease the critical micelle concentration of emulsifier.
INTRODUCTION
Lignin undertake a major impurity in the separation of cellulose from wood for pulp and paper, which was a major by-product of bio-ethanol production. In pulp and paper mill black liquor, there exists a huge amount of lignin which represents a major chemical oxygen demand (COD) component and produces the color of the black liquor (Wang et al. 2005) . Absence of recycling treatment plans, black liquor would contaminate the environment. The environmental hazard of black liquor comes on the one hand, from its chemical nature, on the other hand from its dark coloration that reduces oxygen availability (Zhu et al. 1998 , Liao and Luo 2004 , Ao et al. 2004 . Therefore, the conversion of low-cost lignin into valuable products are extremely attractive.
Lignin could be used to prepare lots of valuable products, such as concrete water reducing agent, organic binder, refractory material, surfactant and et al, especially used to obtain surfactant had attract many scientists attention (Li 2001 ). An alkane oxidation oilsoluble surfactant was obtained by reduction reaction of lignin had been reported by Douglas et al. Ampholytic lignin surfactant was also prepared by mild reaction had been investigated by Douglas et al. Morrow had been reported that Ampholytic lignin surfactant could be synthesized by alkylation reaction and sulfonation reaction (Liu and Zhan 2008) . The lignin surfactants were prepared by amine, formaldehyde and lignin had been studied by Matsushita and Schilling groups respectively. Cationic bituminous emulsifier was obtained by the reaction of lignin, epichlorohydrin and trimethylamine had been researched by Falkehag et al. (Yang, L. and Liu, M. H. 2007 , Zhang, J. 2011 , Feng, P. and Chen, F. G. 2010 , Matsushita and Yasuda 2003 , Falkehag et al. 1973 ). Many US patents had reported that lignin could be used to prepared cationic bituminous emulsifier (Douglas and Michael 1993 , Douglas, 1988 , Morrow 1992 , Morrow 1988 , Schilling and Brown 1988 , Gabriel 1952 , Eldon et al. 1952 . A cationic bituminous emulsifier was obtained by the reaction of lignosulfonate and derivative of amine had been reported by Ludwing et al (Ludwig, and Fisk 1977) . But there no reports about how the structures of additives influence the emulsifying property.
In this paper, an effective protocol to obtained anionic lignin emulsifier by the reaction of lignin, formaldehyde and sodium sulfite was established in water (Scheme 1). The structure of lignin emulsifier and auxiliaries, which influences the emulsifying property, was investigated by laser particle size analyzer. 
Experiment
All chemicals were obtained from commercial suppliers. For all reactions dry (molecular sieve), analytical grade solvents were used. The polyethers and nonionic emulsifiers were obtained from Jiangsu Haian Petrochemical Technology Co., Ltd. All bitumen was SK70#. Laser particle size analyzer (HELOS-SUCELL) was purchased by SYMPATEC GMBH. The range of HELOS-SUCELL was 0.1µm~875µm.
General procedure for obtaining the intermediate between formaldehyde and diethanol amine
A suspension of sodium sulfite (0.15mol), lignin (40g) and water (100 ml) was incubated at 80 o C. Then, 30% NaOH solution was added to regulate the pH value to 10.5. At last, 37% formaldehyde solution (0.17mol) was added stepwise with stirring and the mixture was heated 5.5 hours at 80 o C.
General procedure for preparing emulsified bitumen
Adding 12 g lignin emulsifier, 5 g polyether and 5 g nonionic emulsifier to 320 g water and regulating the pH value to 10.5-11. Adding more water to obtain 400g soap solution.
The soap solution which was preheated to 50-60 o C, and the 600g fluid asphalt, which was preheated to 138-142 o C, was mixed under high shear in a colloid mill to give asphalt emulsion of brow color and creamy texture. Prior to testing according to ASTM D-2444, the emulsions were store at room temperature for 8h.
Results and Discussion
An effective way to obtained anionic lignin emulsifier by the reaction of lignin, formaldehyde and sodium sulfite was established in water. Based on the observation, we envisioned that the polyether and non-ionic additive could direct influence the emulsifiability of anionic lignin emulsifier. Some control experiments were designed to demonstrate that the optimal emulsifier was constituted by lignin emulsifier, polyether and non-ionic additive. As seen from Table 1 , the asphalt did not emulsified without non-ionic additive and polyether (Entry 1, Table 1 ). Polyether could not assisted lignin emulsifier to emulsify asphalt without nonionic additive (Entry 2, Table 1 ). The modulus particle size and average particle size of lignin emulsifier and non-ionic additive, but in the absence of polyether, were very poor (Entry 3, Table 1 ), which were 11.44 µm and 13.19 µm. However, the modulus particle size and average particle size were 1.65 µm and 1.97 µm under the emulsifier, which constituted of lignin emulsifier, polyether and non-ionic additive. All these results suggested that the specific lignin emulsifier, polyether and non-ionic additive were responsible for obtaining the optimal emulsified bitumen. The emulsifiability of different reaction temperature, which influenced the yield of anionic lignin emulsifier, was researched. As shown in table 2, the modulus particle sizes and average particle sizes were reduced with the reaction temperature increasing from 70 o C to 80 o C. But when the reaction temperature fortified from 80 o C to 100 o C, the modulus particle sizes and average particle sizes were increased. The excellent reaction temperature of lignin, formaldehyde and sodium sulfite was 80 o C. At this temperature, t h e m o d u l u s p art i cl e s i z e an d av er a ge p art i cl e s i z e w er e 1 . 6 5 µ m an d 1.97 µm, which due to the yield could be affected by reaction temperature. As shown in Fig.1 , the modulus particle sizes and average particle sizes were monished with varying the concentration of main emulsifier from 0.4% to 1.2%. When the concentration of main emulsifier aggrandized to 1.2%, the optimal modulus particle size and average particle size were obtained, which were 1.65 µm and 1.97 µm. As the concentration of main emulsifier increasing from 1.2% to 3.3%, the modulus particle sizes and average particle sizes were also increased. That could be ascribed to high concentration of lignin emulsifier would lead to reunion. The polyether, which influenced the emulsifiabilities, was studied as follow. The emulsifiabilities were affected by lipophilic group of polyether were shown in Table 3 . Without polyether as additive (Entry 1, Table 3 ), the worst modulus particle size and average particle size were obtained, which were 11.44 µm and 13.19 µm. While the lipophilic group of polyether was H (Entry 2, Table 3), the modulus particle size and average particle size were 3.43µm and 4.08 µm. That ascribed the polyether had no lipophilic group, which would not insert into the micelle of lignin emulsifier to regulate the HLB. Examination of lipophilic groups (Entry 3-6, Table 3 ) was revealed that a pronounced steric effect was evident influence the emulsifiability. When the polyether, containing 2-methyl-propenoxyl was used as lipophilic group, the modulus particle size and average particle size were the best of all, which were 1.65 µ m and 1.97 µm. The influence of molecular weight of polyether, which could reflect the hydrophilic of polyether, was investigated. As shown in table 4, with the molecular weight of polyether varied from 200 g/mol to 2000 g/mol, the modulus particle sizes were decreased remarkably from 2.37µ m to 1.65µ m and the average particle sizes were decreased significantly from 9.38µm to 1.97µm. Increased in modulus particle sizes and average particle sizes were observed as the molecular weight of polyether continually Having established optimal polyether, the effect of varieties lipophilic groups of nonionic additives was also evaluated. Results were summarized in Table 5 . In absence of non-ionic additives as auxiliaries (Entry 1, Table 5 ), the emulsification did not take place. When the lipophilic group of non-ionic additives was derivative of phenol (Entry 1, 2, Table 5 ), the emulsification was the best of all. That ascribed the non-ionic additives had optimal lipophilic group, which could insert into the micelle of lignin emulsifier to regulate the HLB. Examination of lipophilic group (Entry 6, Table 5 ) was revealed that a pronounced steric effect was evident influence the emulsifiability. Compared with derivative of phenol, derivatives of aliphatic amine, aliphatic alcohol or aliphatic acid shown negative effect on emulsification (Entry 4, 5, 7, Table 5 .), slight increased in modulus particle size and average particle size were observed. The emulsifications with different number of EO on non-ionic additives were shown in Fig.2 . The number of EO exhibited an obviously influence on the modulus particle sizes and average particle sizes. The modulus particle sizes decreased as the number of EO increasing from 10 to 30. A similar phenomenon was observed for the average particle sizes. The best number of EO was 30. It can be concluded that the EO showed dual role in non-ionic additives. One side, EO plays an important role in non-ionic additives to prepare emulsified asphalt at the appropriate amount. On the other side, an optimal number of EO could regulate the HLB of lignin emulsifier.
Mechanism
The mechanism of emulsification influenced by emulsifier was investigated via digital conductivity meter. As shown in Fig.3 , the electrical conductivity of lignin emulsifier, polyether and non-ionic additive was lower than others. The polyether or non-ionic additive could assist lignin emulsifier to decreased critical micelle concentration. With the polyether and non-ionic additive as additive, the critical micelle concentration of lignin emulsifier was decreased. So the polyether and non-ionic additive could play an important role in improving the emulsification of lignin emulsifier. 
Conclusion
The emulsification, which affected by lignin emulsifier, polyether and non-ionic additive, was investigated by laser particle size analyzer. To make summarize, the polyether and non-ionic additive contributed much more to emulsification of emulsifier. The optimal reaction temperature was 80 o C and the best concentration of lignin emulsifier was 1.2%. With polyether and non-ionic additive as auxiliaries, the modulus particle size and average particle size of emulsifier could reach to 1.65 µm and 1.97 µm. Mechanism indicated that the critical micelle concentration of emulsifier could be decreased by polyether and non-ionic additive .
